Fourteen patients with conduction defects were analyzed by using bundle of His (BH) recordings. The Bilateral bundle-branch block TWO TYPES of second degree atrioventricular (A-V) block were originally described by Hay' and by Wenckebach.2'3 Type I block was characterized by the gradual prolongation of the a-c interval of the jugular pulse with eventual loss of the arterial pulse. In type II second degree heart block, ventricular beats were dropped without any preceding prolongation of the a-c interval. The introduction of the electrocardiogram enabled Mobitz to define the ECG criteria for
This evidence also demonstrates some of the pitfalls of the electrocardiographic (ECG) criteria for the localization of A-V block.
Methods Fourteen patients with A-V conduction defects were studied during right heart catheterization. The ages of these patients varied from 56 1) showed left bundle-branch block (LBBB) during normal sinus rhythm (NSR) with 1:1 A-V conduction and a normal P-R interval of 0.18 sec. Of the 12 patients with type II block, three exhibited QRS complexes of normal duration (<0.10 sec).
All 14 patients were studied in the postabsorptive state and were premedicated with 100 mg of pentobarbital (Nembutal) administered intramuscularly 1 hour before catheterization. His bundle (BH) electrograms were recorded as described previously.'3 14 The BH recordings were validated by demonstrating the progressive lengthening of the A-H time as the P-P interval was shortened by right atrial pacing at progressively increasing rates (up to 180/min or until Wenckebach cycles developed) or by placement of premature atrial beats. In addition to atrial pacing, in selected cases, bundle of His pacing was utilized to validate the BH deflection and to differentiate it from the right bundle electro- In these 12 patients the conduction defect was distal to the recording site of the BH electrogram. Each A wave was conducted through the A-V node and was followed by a BH deflection with a constant A-H time ( fig.  1 ). The A and BH deflections of the blocked beats were not followed by ventricular (V) activity. The P-R interval as well as the A-H time was constant for the conducted QRS complexes preceding and following the blocked P waves. The conduction time through the A-V node (A-H time) as well as the P-R interval for the conducted beats was within normal range in all but three patients (cases 4, 7 and 9). Mobitz II A-V block in a patient with prolonged P-R interval and an abnormal A-H time is shown in figures 2 and 3. The conduction time from the BH to the ventricular activation (H-V) for the conducted beats was abnormal in all except two V3R Figure 2 Case 4. His bundle recordings in a patient with a prolonged P-R interval (260 nsec) and Mobitz type II block. The rhythm strip (V3R) shows a constant P-R interval for the beats preceding and following the suddenly blocked sinus P wave (6th). Below the rhythm stinp are 12 standard ECG leads showing a pattern of RBBB with LAD. Simultaneous recordings of UE (unipolar) and BE electrograms from the area of the A-V junction and standard leads I, aVR, and aVF. There is 1:1 conduction of the sinus P waves (P-P = 910 msec) with abnormal A-H (160 msec) and H-V (60 msec) times. As the P-P interval was shortened to 560 msec by an induced premature atrial beat (PI), the A-H time lengthened to 260 msec. and the impulse was blocked distal to the BH. figure 2 during periods of 2:1 and 1:1 conduction. Simultaneous recordings of UE and BE and the standard ECG leads (I, aVR, aVF). The P-P and P-R intervals for the beats preceding and following the blocked P waves are constant at 850 and 260 msec, respectively. Note that the A-H time of 160 msec is constant throughout. The second A wave is blocked distal to the BH. The H-V time in the conducted beats is constant (60 mec).
patients (case 11, fig. 4 , and case 2). In one patient (case 10, fig. 5 concealed A-V junctional extrasystoles now must be associated with the atrial rate.
Our data also explain the original observations of a constant P-R interval despite dropped beats during type II second degree heart block. All 12 patients in this series with the electrocardiographic diagnosis of type II A-V block demonstrated that each P wave was conducted through the A-V node to the bundle of His at a constant A-H time. The failure in A-V transmission for the dropped P waves (during normal sinus rhythm), irrespective of their number, was localized distal to the recording site of the BH deflection. The (B and C) These tracings show periods of 3:2 and 4:2 conduction, respectively, at the same atrial rate (P-P, 670 msec) with constant conduction times (P-R, A-H, and H-V). This pattern of two beats conducted in pairs persisted throughout the record. The beats were blocked distal to the BH. conducted beats had a constant conduction time through the HPS (H-V time). It has been previously'3 14, [28] [29] [30] [31] [32] [33] [34] documented that as the P-P interval is shortened, the P-R interval prolongs due to the increased refractoriness of the A-V node, whereas the conduction time through the HPS usually remains constant at all heart rates. The fewer the impulses transmitted through the A-V node, the shorter the P-R interval. However, in type II block the number of impulses transmitted through the A-V node, with or without dropped beats, (A) Atrial pacing (AP) at 110/min produced periods of 3:2 conduction distal to the BH without any change in the shape of the QRS complexes.
(B and C) With (B) Mobitz I between the A and BH complexes is shown together with Mobitz II between the BH and V complexes. During AP at 135/min, the A-V block increased to 3:1, as an example of Mobitz II block between the BH and V complexes. The majority of the atrial (A) impulses are conducted beyond the A-V node, and are blocked distal to the BH. A 6:5 Wenckebach type of block is also shown, as exhibited by progressive prolongation of the A-H interval from 160 to 360 msec until finally the A is blocked proximal to the BH, illustrating Mobitz I block. Note the variable P-R intervals (260 and 415 msec) for the conducted beats due to the mixed sites of block.
(C) As the AP was further increased to 155/min, the A-V block inereased to 4:1 with the majority of the atrial impulses still blocked distal to the BH. Wenckebach type of block through the A-V node also increased to 4:3 (6:5 in panel B). The P-R intervals in the conducted beats were again variable. fig. 12.) number of impulses blocked, indicate that conduction through the HPS usually acts as an all or none phenomenon. The exceptions to the rule (cases 13 and 14) are discussed in detail below.
In the majority of the type II cases the P-R interval was normal. In these cases the A-H time was within the normal range, indicating normal conduction through the A-V node and lack of involvement of this region by the disease process. Similar observations were made in a recent histopathologic study36 of patients with CHB due to diseased HPS, in whom the A-V node was shown to be normal.
When the block occurs at two different sites simultaneously, that is in the A-V node and the HPS, any combination of electrocardiographic patterns can be seen. The diagnosis of mixed lesions such as Wenckebach type of block in the A-V node and type II block in the HPS is quite difficult on the basis of a surface electrocardiogram ( fig. 10 ). Although the given example exhibited mixed lesions during atrial pacing only, the possibility of such a phenomenon occurring spontaneously does exist and may mimic CHB.
A single case purported to be Mobitz II in a patient with LBBB and 2:1 A-V block has recently been reported.15 On the basis of localization of block distal to the BH, the case does represent type II block. But in the reported case as well as another study,37 the electrocardiographic criteria for type II block were inadequate because of the presence of a fixed 2:1 A-V block. It should be stressed that 2:1 A-V block per se does not satisfy the electrocardiographic criteria of type II block (constant P-R with or without blocked impulses26) unless periods of changing conduction (3:1, 1:1, or 3:2) with the same P-R interval fig. 11 ). The conducted beats had an abnormal H-V time (70 msec) with an intra-BH (BH-BH') delay of 30 msec with a H'-V time of 40 msec. The P-R interval for the conducted beats was normal (170 msec).
(B) During AP = 120/min, the block distal to the BH increased These findings demonstrate that in some cases localization of block on the basis of the clinical electrocardiogram is not possible. The clinical significance of these findings should be considered in the light of recent suggestions26 that patients with type I block during acute myocardial infarction need not be treated with pacemakers unless the ventricular rate is below 50/min. This statement26 was made on the assumption that type I A-V block always occurs in the A-V nodal region. However, Wenckebach type of A-V block in the HPS is probably not rare. The Wenckebach type of second degree A-V block in the HPS has not previously been described because of the unavailability of BH recordings. It must be emphasized that this phenomenon probably occurs only during disease states of the HPS. The prognosis for the two patients in our series with type I A-V block should not be different from that for patients with type II A-V block because they both have infra-A-V nodal lesions within the HPS. Actually, CHB developed in case 14 within 6 mo of the initial study. Therefore, CHB may follow both Mobitz I and Mobitz II in the HPS.
The type I A-V block is simply an electrocardiographic sign which can be manifested by lesions involving different regions of the A-V conduction system, in other words, A-V node and HPS. Therefore, the distinction in second degree A-V blocks (type I and type II) perhaps should be made on the basis of the site of block such as nodal (A-H block) or HPS (H-V block) rather than Mobitz type I or type II. This differentiation is of value from a prognostic point of view. The findings of CHB distal to BH in four of 12 patients with Mobitz type II block when restudied after a 6-mo interval are of therapeutic significance.
